Abstract Prevention programs for b-thalassemia based on molecular diagnosis of heterozygous carriers and/or patients require the use of reliable mutation screening methods. The aim of this study was to compare between direct DNA sequencing, and reverse dot-blot PCR in detection of different b-globin gene mutations in Egyptian children with b-thalassemia. Forty children with b-thalassemia were subjected to mutation analysis, performed by both direct DNA sequencing and b-globin , and cd39 C[T (2.5 %)'', While the genotypes of three patients (6 alleles 7.5 %) were not detected by reverse dot-blot PCR. Mutant alleles detected by direct DNA sequencing were the same as reverse dot-blot PCR method except it revealed the genotypes of 3 undetected patients (one patient was homozygous IVSI-110 G[A, and two patients were homozygous IVS I-1 G[A. Sensitivity of the reverse dot-blot PCR was 92.5 % when compared to direct DNA sequencing for detecting b-thalassemia mutations. Our results therefore suggest that, direct DNA sequencing may be preferred over reverse dot-blot PCR in critical diagnostic situations like genetic counseling for prenatal diagnosis.
Introduction
b-Thalassemia is the most common genetically inherited hemoglobin disorder in Egypt with a carrier rate varying from 5.3 to C9 % [1] . It has been estimated that 1000 children out of the 1.5 million live births are born annually with b-thalassemia major [2] .
The mainstay for treatment of severe forms of thalassemia is lifelong blood transfusion and iron chelation therapy. The complications of iron overload, together with the sequel of anemia, ineffective erythropoiesis and the chelation therapy itself, are the major causes of morbidity and mortality in the transfusion dependent b-thalassemia [3] .
More than 200 b-thalassemia mutations have been characterized worldwide, however, a relatively small number of common b-thalassemia mutations can be found for each high risk population [4] . In Egypt, although more than 20 different mutations have been detected so far to cause the disease, the information available concerning the underlying molecular defects in b-thalassemia has not yet been completed [5] .
The molecular defects resulting in b-thalassemia phenotype, in the Egyptian population, show a clear heterogenic pattern. Many studies have focused on the molecular detection and characterization of these mutations, using a wide array of the available techniques with successful detection of both known and unknown mutations. PCR based techniques, including direct DNA sequencing, are effective with some limitations considering the time, effort and high cost to reach a final diagnosis [6] .
This study compared ''direct DNA sequencing'', and ''reverse dot-blot PCR'' as screening tools for b-thalassemia.
Subjects and Methods
Forty children, 23 with b-thalassemia major and 17 with bthalassemia intermediate, 20 males and 20 females (with mean age of 6.7 ± 3.43 years) were recruited from outpatient Clinic of Hematology Unit, Pediatric Department, Tanta University Hospital. Children with other types of hemolytic anemia and genetic diseases were excluded. An informed consent was obtained from all parents of children before the enrollment in the study. The study was approved by the Ethics Committee of Tanta Faculty of Medicine, Tanta University. They were subjected to meticulous history taking with reference to positive consanguinity, and clinical evaluation of all body systems. The following investigations were performed:
Routine hematological investigations e.g., complete blood count using ERMA PCE-210N cell counter, reticulocytes' count, Hb electrophoresis using cellulose acetate in a tris EDTA borate buffer at PH 8.4 (Helena Laboratories, Beaumount, TX, USA), serum ferritin levels using MonobindInc ELISA Microwells kit (lake Forest, CA 92630, USA).
All affected patients were clinically classified into thalassemia major and thalassemia intermediate with consideration to: the age of disease onset, the age of first transfusion, frequency of blood transfusion, hemoglobin level, hepato-splenomegaly, facial and growth affection [7] .
For direct fluorescent DNA sequencing of the b-globin gene, DNA was extracted from EDTA -whole blood using a QIA amp DNA blood mini kit (Qiagen, Hilden, Germany CA. No. 51104), and stored at -20°C. DNA concentration and purity were determined spectrophotometrically as well as by Qubit R ds DNA BR Assay kit (USA) with use Qubit R 2.0 flurometer (Invitrogen TM by life tecnologies TM ). PCR amplification was performed using GML R SeqFinder Sequencing System HBB (Applied Biosystem) and these products visualized under UV illumination (Biometra Germany) after gel electrophoresis. These products were then purified by QIA Quick R PCR Purification kit (Qiagen, Hilden, Germany cat. No. 28104) and subjected to cycle sequencing PCR using fluorescent dyes (Applied Biosystem, Foster City, CA, USA). They were then further purified using CENTRI-SEP columns (cat. No. CS-901) before analysis on automated sequencer (ABI PRISM TM 310 Genetic Analyzer). Finally, interpretations of the results were presented via SeqScape software version 2.7 Applied Biosystem.
Reverse dot-blot PCR was done using b-Globin StripAssay MED TM , (ViennaLab Diagnostics GmbH). In this commercial assay, DNA isolated from anticoagulated blood using Lysis Solution and GEN9TRACT Resin was subjected to amplification and biotin-labeled b-globin sequences in a single (multiplex) PCR amplification reaction. Hb hemoglobin, MCV mean corpuscular volume, MCH mean corpuscular hemoglobin, MCHC mean corpuscular hemoglobin concentration, WBCs white blood cells
The amplification products are then selectively hybridized to a test strip containing wild type and mutant oligonucleotide probes immobilized as parallel lines. Bound biotinylated sequences are detected using streptavidinalkaline phosphatase and color substrates. The assay covers 22 mutations, characteristics for the Mediterranean area. www.viennalab.com.
Statistical Analysis
Data were analyzed using SPSS version 20. Data were expressed as mean ± SD for quantitative variables, number and percentage for qualitative ones. Chi square, ANOVA, and ROC curve were used when appropriate. P value \ 0.05 was considered to be statistically significant.
Results
Demographic data, clinical features, and some Laboratory data (CBC, Hb electrophoresis, serum ferritin level) are presented in Tables 1 and 2 . Different patients phenotypes and their mutations are presented in Tables 3 and Fig. 1 , it was found that most frequent mutant alleles detected by , and cd39 C[T (2.5 %), but the genotypes of three patients (6 alleles 7.5 %)were not detected by reverse dotblot PCR. Those 40 children classified phenotypically into, 23 patients (57.5 %) with thalassemia major (TM) and 17 patients (42.5 %) with thalassemia intermedia (TI). Mutant alleles detected by direct DNA sequencing were the same as reverse dot-blot PCR method except it revealed the genotypes of 3 undetected patients, (Fig. 2) . Normal or undetected cases by reverse dot-blot PCR, their DNA sequencing result was ''Homozygous IVSI-110 G[A'' so their percentage became (33.75 %). Other two undetected cases were homozygous IVS I-1 G[A, so their percentage became (25 %). Sensitivity of reverse dot-blot PCR was 92.5 %, specificity was 100 %, positive predictive value was 100 % and negative predictive value was 99.63 %''. Discussion b-Thalassemia is a group of hemoglobin diseases caused by a reduction (b ? or absence (b 0 ) in the synthesis of b-globin chains. Affected individuals can be compound heterozygous, or homozygous for b-thalassemia [8, 9] .
Despite efforts to develop gene therapy or bone marrow transplantation, prenatal diagnosis followed by termination of the affected fetus remains the best form of prevention [10] . In Egypt, combined effects of high carrier rates and high frequency of consanguineous marriages [11] , make the incidence of b-thalassemia particularly high [12] .
Prevention is the least expensive and the most effective means to deal with b-thalassemia [13] . So; it is a prerequisite to investigate the molecular basis and natural history of these disorders to establish the least costly effective methods for their control and management [14] .
Considering demographic data, clinical features, and laboratory data of the present study, it was in agreement with the data published by Hussein et al. [2] , Galanello and Origa [15] , Kattamis [16] , Thein and Rees [17] , Soliman et al. [18] , Rahim et al. [19] , Mosca et al. [20] , and ElShanshory et al. [21] .
The patient's genotype distribution in our study was in agreement with Kaddah et al. [22] , Waye et al. [23] , Settin et al. [24] , and Jiffri et al. 2010 [11] [25] .
The sensitivity of the reverse dot-blot PCR was in agreement with Othman et al. [26] , who stated that the sensitivity of b-Globin StripAssay method was 90 %. In our study the undetected mutations of patients by the reverse dot-blot PCR were IVSI-110 G[A, and IVS I-1 G[A was included in the 22 mutations covered by the same method so they were not a rare one. The explanation of these undetected mutations may be strip instability ''containing probes'', bad quality of DNA isolation of this technique which may be in accurate when compared to a QIA amp DNA blood mini kit, and also may be some reagent deterioration since it contains enzyme, color, and heat dependent reagents. Finally interpretation is personally, and visually subjective. DNA sequencing is more costly, time consuming, and labour-intensive than reverse dot-blot PCR but it depends on many accurate steps of extraction, purification, etc. Which are checked before entering the next one by sophisticated techniques, and finally software interpretation. So DNA sequencing method is more robust than b-Globin StripAssay.
Conclusion
The sensitivity of the reverse dot-blot PCR was 92.5 % when compared to direct DNA sequencing for detecting bthalassemia mutations. Our results therefore suggest that, direct DNA sequencing may be preferred over reverse dotblot PCR in critical diagnostic situations like genetic counseling for prenatal diagnosis.
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